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論 文 内 容 要 旨          
 This thesis, which describes the systematic study on development of high functional tapping tool coated with Ni–P/abrasive 
particle composite film, consists of seven chapters. The principal results in these chapters are summarized as follows: 
 
 
Chapter 1 describes the background and purposes of the thesis. Joining processes are an essential component of manufacturing 
and assembly operations. In the joining processes, screws are one of the most commonly used thread fasteners. The thread holes are 
machined using a tapping tool. Especially, cut tapping tools are used widely in various workpiece materials. In order to meet the need 
for a tapping process suitable for high machining efficiency, improvements in tapping tools are required to allow for their functioning 
at high cutting speeds and to extend tool service life. However, at high cutting speeds, the tapping tools cause the chip snarling and 
chip clogging because the tapping tool causes a decrease in the chip discharge ability. The chip discharge problems cause the damage 
of the workpiece materials and tool breakage. Thus, the chip snarling problem must be prevented to increase cutting speed as well as 
extend tool service life.  
Many studies of tapping processes have been performed with the aim of improving thread hole quality and machining efficiency. 
Furthermore, there are many studies on hard coating and lubricant films in order to improve the tool edge strength. However, there are 
few studies on chip curl and chip evacuation during tapping process and there has not been a solution to the chip discharge problem. In 
general, the coating film on tapping tools tends to decrease the chip discharge ability due to a low friction at chip-rake face of tool. 
Thus, this study focused on the nickel-phosphorus (Ni–P)/abrasive particle composite films. Good mechanical properties such as wear 
resistance, corrosion resistance, and self-lubrication of the Ni–P/abrasive particle composite film can be obtained by changing the 
plating particle, particle size, or plating solution. In addition, the abrasive particles in the composite film should polish the chip surface 
such that the polished chips are easily broken. Thus, the composite film is expected to prevent chip snarling on the tapping tool and 
extends tool service life at high cutting speeds. 
Based on the background mentioned above, the purposes of this thesis were to develop a tapping tool coated with a composite film 
composed of Ni–P /abrasive particles and investigate whether the tapping tool prevents chip snarling and increases tool service life 
even at high cutting speed conditions. 
 
Chapter 2 explains the development and the tribological properties of Ni–P/abrasive particles composite film. The Ni–P/abrasive 
particles composite film was developed on a high-speed steel (HSS) disk using the electroless plating. Cubic boron nitride (cBN) and 
silicon carbide (SiC) were used as the abrasive particle because these particles have high hardness and these composite films are also 
known to process excellent mechanical properties. The cBN paricles had a mean diameter of 10 m, SiC particles of two different 
diameters, 5.0 m and 1.0 m, were used. These composite films were subjected to heat-treatment at 300 °C. The hardness and 
adhesion strength of the composite films and the friction coefficient under lubrication by emulsion cutting were investigated. For 
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comparison, these tests were conducted for a disk specimen with steam treatment (conventional treatment) or coated with TiCN film.  
The analysis clarified that the hardness of the Ni–P film was about 9 GPa and higher than the steam treatment (Fig. 1 (a)), and the 
composite film had excellent peeling resistance (Fig. 1 (b)) and no film separation was observed. The Young’s modulus of Ni–P film 
was 230 GPa, which is similar to that of the HSS substrate (220 GPa). Therefore, it is considered that there was no delamination or 
peeling during scratch testing because the equivalent strain was produced when the contact load was applied. The friction coefficient 
for the composite films was greater than 0.15 and sliding velocities under emulsion-oil lubrication (0.05-0.25 m/s) that were higher 
than those of the other specimens, which was due to the ploughing by the abrasive particles in the composite film (Fig. 1 (c)). These 
results suggested that such composite films can be used as coating materials for tapping tools and may increase their service life 













Chapter 3 demonstrated the development of tapping tools coated with the Ni–P/abrasive particle composite film and the cutting 
performance, such as the cutting resistance and the quality of the thread hole, of the tapping tool. A spiral-cut tapping tool (M6×1) was 
coated with the Ni–P/abrasive particle composite film, which is the same as the composite film introduced in chapter 2. The tapping 
test was conducted using a vertical machining center. The workpiece material was rolled structure steel (JIS SS400). The cutting speed 
was 10, 30, or 50 m/min. The lubrication was provided by emulsion cutting oil. The cutting torque and thrust force were measured 
using a dynamometer. In addition, to evaluate the quality of thread hole, the surface of thread hole was observed using SEM and the 
shapes of thread hole were tested using screw thread-limiting gauge.  
The results showed that the tapping tool coated with the Ni–P/abrasive particle composite films satisfied the standard for thread 
gauge at high cutting speed condition. However, the Ni–P/cBN film caused the severe adhesion with plastic flow at the surface of 
thread hole at all cutting speed as shown in Fig. 2. Figure 3 shows the cutting resistance as a function of cutting speed. The cutting 
torque produced by the tapping tool coated with the Ni–P/cBN film (?̅? = 10 m) was the highest value in comparison with the other 
tapping tools. This suggested that the cBN particle (?̅? = 10 m) used was considerably large for the surface treatment of tapping tool. 
In contrast, the thrust force of the tapping tool coated with the Ni–P/abrasive particle composite films were lower than that of the 
others. Thus, these results suggested the optimal size of the particles used in the composite film was less than 5.0 m, as an 
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In chapter 4, whether the tapping tool coated with Ni–P/abrasive particle composite film was able to prevent the chip snarling at 
high cutting speed and increase the tool service life was investigated. The tapping tests for SS400 were conducted at high cutting 
speeds. The chip geometry was evaluated and the relation between the chip curl diameter and chip snarling rate was clarified. 
Furthermore, the mean friction coefficient was estimated from the measured cutting torque and thrust force. The effect of the 
estimated mean friction coefficient on the prevention of the chip snarling was investigated. 
The results demonstrated that the rate of chip snarling of the tapping tool coated with Ni–P/abrasive particle composite film was 
lower than that of other tapping tools. Particularly, the tapping tool coated with Ni–P/SiC film (?̅? = 1 m) had a chip snarling rate of 
less than 5% at 50 m/min. The chip snarling rate tended to increase as the chip curl diameter increased as shown in Fig. 4. The rate of 
chip snarling exceeded 40% at a dimensionless chip curl diameter of approximately 1.0. The chip curl diameter decreased with 
increasing of the mean friction coefficient as shown in Fig. 5. The mean friction coefficient of the tapping tool coated with Ni–
P/abrasive particle composite film was higher than that of other tapping tools. Additionally, the tool service life of tapping tool coated 
with Ni–P/ SiC film (?̅? = 1 m) was 1.6 times greater than that of conventional tapping tool at 50 m/min without chip snarling as 

























Chapter 5 discussed the effect of the local friction coefficient at the sliding zone and secondary shear zone thickness on chip curl 
diameter. The local friction coefficient at the sliding zone and the secondary shear zone thickness were estimated using the sticking–
sliding friction model. Additionally, the chip was padded with resin and the cross section of the padded chip was polished to survey the 
secondary shear zone. The cross section of the chip was observed using a reflection electron microscope and investigated whether the 
secondary zone exists or not. 
The results indicated that the chip curl diameter decreased as the local friction coefficient at sliding zone increased as shown in Fig. 
8. The local friction coefficient at the sliding zone of the tapping tool coated with the Ni–P/abrasive particle composite films was over 
1.58 and higher than that of other tapping tools. The secondary shear zone was affected by the local friction coefficient at sliding zone; 
the secondary shear zone thickness increased with increase of the local friction coefficient as shown in Fig. 9. Furthermore, the 
secondary shear zone thickness observed using a reflection electron microscope was almost equivalent to the estimated value. 
According to these results, the chip curl diameter of the tapping tool coated with the Ni–P/abrasive particle composite films decreased 
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In chapter 6, the effect of workpiece material on chip snarling for tapping tool coated with Ni–P/abrasive particle composite film 
was investigated. The tapping test was conducted on the workpiece materials made from chrome molybdenum steel (JIS SCM440) 
and carbon steel (JIS S25C and S45C). The temperature at the primary shear zone was estimated to investigate the thermal effect on 
the chip curl diameter. 
The results indicated that the rate of chip snarling increased as the dimensionless chip curl diameter. The dimensionless chip curl 
diameter of the tapping tool coated with Ni–P/SiC particle composite film was less than 0.9 for all workpiece materials and the rate of 
chip snarling of the tapping tool coated with Ni–P/SiC particle composite film was less than 10%. The secondary shear zone thickness 
increased with increase of the local friction coefficient at the sliding zone when the tapping tool coated with Ni–P/SiC particle 
composite film was used. Additionally, the chip curl diameter was affected by the cutting speed, i.e. temperature at the primary shear 
zone and decreased as the temperature decreased. The dimensionless chip curl diameter was less than 0.6 when the secondary shear 
zone thickness was as least 23 m and the temperature at primary shear zone was lower than 495 K as shown in Fig. 10. 
 
Chapter 7 describes conclusions, where the results of the thesis and main conclusions are summarized . 
The tapping tool coated with Ni–P/abrasive particle composite film was developed and the chip snarling prevention and the tool 
service life extension was investigated in this thesis. As the results of the study, the tapping tool coated with Ni–P/SiC particle 
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